Objectives: To study changes in the variables of volumetric capnography in children and adolescents with asthma compared with a control group and to investigate their changes with the use of bronchodilators and bronchial provocation test with methacholine.
Introduction
The presence and severity of obstruction in asthma are conventionally assessed by forced expiratory volume in one second (FEV 1 ) measured by spirometry. However, the use of this test to evaluate small airways has been questioned. In addition, the individual being assessed must collaborate in order to perform the spirometry maneuvers, because they are highly dependent on effort and, therefore, difficult to be carried out by children 1, 2 .
Limitations of spirometry have motivated the search for markers capable of detecting early changes in the airways, as well as to detail dysfunctions of small airways. Studies assessing ventilation inhomogeneity using inert gases in Volumetric capnography to detect ventilation inhomogeneity in children and adolescents with controlled persistent asthma the lungs show that they appear to be more sensitive than FEV 1 in the identification of changes in small airways in asthma both in adults and children. 1, 3, 4 The pattern of elimination of carbon dioxide (CO 2 ) in expired tidal volume obtained by volumetric capnography (VC) makes it possible to calculate indices that can detect disturbances in the ventilation/perfusion ratio (V/Q).
This method does not require forced maneuvering to be performed. VC has proved to be an alternative to evaluate pulmonary functional changes and its application in clinical research has become more accessible with the development of new technologies. In the pediatric population, measures of dead space using VC has been studied for two decades in patients intubated and ventilated. [5] [6] [7] [8] [9] [10] In individuals breathing spontaneously, VC can be used to evaluate many diseases, especially when dealing with small airways. 11 Recent studies have shown a correlation between VC measurements and spirometry in adults with and without lung disease. [12] [13] [14] [15] However, few studies have evaluated this tool in children, 16, 17 especially in those with asthma. 18 The objective of the present study was to evaluate VC measurements in asthmatic children and adolescents and to compare them with those of healthy individuals, as well as to investigate the changes in VC variables as a response to bronchodilator and bronchial provocation test (BPT) in asthmatics.
Methods
We conducted a prospective, observational and crosssectional study from April 2007 to March 2010 in the Pulmonary Physiology Laboratory (LAFIP), Universidade Estadual de Campinas (UNICAMP), including 103 patients with persistent asthma followed-up at a hospital of the same institution, and a control group of 40 volunteers from 6 to 15 years of both sexes. Diagnosis and classification of mild, moderate or severe persistent asthma were established based on the Global Initiative for Asthma (GINA). 19 All patients showed positive immediate hypersensitivity skin test to at least one antigen tested and total serum immunoglobulin E above the 97.5 percentile for age in at least one blood sample. We excluded patients with asthma and concomitant chronic or acute cardiopulmonary disease, history of pulmonary lobectomy or segmentectomy, other chronic disease on systemic corticosteroids, congenital heart disease, or protein-calorie malnutrition.
All asthmatics were using corticosteroid dry powder inhaler (budesonide) at a dose of 400 to 800 mcg/day, and formoterol 12 mcg twice daily for a period of at least 30 days. Patients had neither a history of asthma attacks requiring hospitalization in intensive care unit during the previous year nor exacerbation or worsening of symptoms requiring increased use of inhaled bronchodilators or systemic corticosteroids 4 weeks before the tests. Asthmatics patients and the control group did not have symptoms or respiratory infections during the last 15 days before the date of the tests. First, all participants performed VC followed by spirometry, and the asthmatics repeated the two tests after using a bronchodilator (salbutamol, four jets of 100 mcg each). Of the 103 asthma patients, 33 underwent BPT with methacholine in a second visit.
Bronchial provocation test
BPT was performed according to the guidelines of the European Respiratory Society (ERS) and the American Thoracic Society (ATS). 20 We used acetyl-beta-methylcholine were analyzed before and after BPT and after reversion of the test using a bronchodilator. At these three times, we also measured oxygen saturation using pulse oximetry (SpO 2 ) .
Volumetric capnography
We used the monitor of respiratory profile CO 2 of the plateau for cough, were excluded. 12 After that, we excluded the cycles whose coefficient of variation for expired tidal volume was higher or lower than 25% and for exhaled (p < 0.001) and FVC (p = 0.007), and in relation to the VC, they showed higher slope3/VT (p < 0.001) and slope2/VT (p = 0.044) and lower VT (p = 0.035).
Volumetric capnography in children with asthma -Almeida CC et al. The evaluation of 103 patients with asthma after bronchodilator use showed a significant increase in spirometric variables, VD anat and VD anat /VT and decrease in slope2 and slope2/VT (p < 0.001); however, there were no differences in slope3 and slope3/VT ( Table 3 ). Figure 1 shows the changes in FEV 1 and slope3/VT at the three times of BPT.
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Discussion
To our knowledge, this is the first study to evaluate the variables obtained by the volumetric capnography curve in children and adolescents with asthma compared with a control group, as well as the pharmacological effects of bronchodilators and bronchial provocation in the airways of these patients.
Volumetric capnography in children with asthma -Almeida CC et al. In the present study, we found an increase in slope3/VT in asthmatic patients compared with the control group, suggesting ventilation inhomogeneity in the distal air spaces.
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Bourdin et al. 3 also found an increase in the slope of phase III of the nitrogen curve in asthmatic adults compared with the control group. Similarly to our study, they also found differences in FEV 1 between the groups. On the other hand Regarding slope2/VT, we found a greater value in asthmatics compared with controls, and a decrease in this variable after bronchodilator in asthmatics. Kars et al. 21 also found differences in rates obtained in phase II of the VC while comparing patients with emphysema and healthy adults.
Unlike the slope3, slope2 is influenced by the anatomic dead space volume, because it represents the mixture of the air from the conduction airways and the air that participated in gas exchange. 11 Our results show a smaller slope2/VT when VT is increasing, as there is a slower rise in CO 2 in phase II because of increased volume of air that was eliminated in these patients, especially the volume of air that did not participate in gas exchange.
In the analysis of BPT, we found increased slope3/ Asthma in adults is characterized by structural and inflammatory changes 23, 24 and by remodeling of both central and peripheral airways. 25 In lung biopsies, the presence of higher concentration of active eosinophils in small airways (bronchioles with diameters smaller than 2 mm) suggests that the periphery is the main site of obstruction in asthma. 26 Findings from high resolution computed tomography in adults with asthma also showed obstruction of large and small airways, in addition to subsegmental atelectasis, and air trapping, both related to the periphery of air spaces. 27 In children, other studies have found inflammatory changes in peripheral airway in autopsy tissue, particularly in severe asthma. 28 These data from the literature reinforce our hypothesis that asymptomatic children with controlled asthma show changes in the slope3, which may caused by structural changes and inflammatory airway disease.
Compared to spirometry, VC does not require maneuvers and can be easily performed by young children. It is also a small device that can be used in hospitalized patients, at outpatient clinics or at doctors' offices.
New methods using inert gases in multiple or single breathing provide information about ventilation heterogeneity. 29 In contrast, capnography equipment is less expensive than the equipment used in gas washout techniques and lung clearance index, because it uses an endogenous gas, making the test faster, without adjustments of gas volumes for different ages, as it is the case for gas washout tests.
Conclusion
The results show that increased slope3/VT in asthmatic patients may reflect the inhomogeneity of ventilation in distal air spaces, suggesting the presence of both chronic structural disorders of the airways and reversible acute changes observed on BPT. This index can be a useful tool in the evaluation and study of small airway dysfunction in children and adolescents with asthma.
